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POWER LEVEL SETTINGS FOR 
TRANSMISSION LINES 

TECHNICAL FIELD 

This invention relates to transmission lines in general and 
more particularly to power level settings for bundled trans 
mission lines. 

BACKGROUND 

Telecommunication and broadband services are usually 
provided to customer premises via tWisted pairs of Wires. The 
tWisted pairs are often grouped in close proximity into binder 
groups. Data transmission in these settings may suffer from 
interference arising from electromagnetic coupling betWeen 
neighboring tWisted pairs, referred to as crosstalk interfer 
ence. 

SUMMARY 

A method may comprise the folloWing steps that are itera 
tively repeated: providing each of a plurality of signals at a 
respective one of a plurality of transmission links; transmit 
ting each of the plurality of signals over the respective one of 
the plurality of transmission links; and measuring signal-to 
noise ratios of the plurality of signals transmitted over the 
plurality of transmission links, Wherein an input poWer level 
of each of the plurality of signals is set such that the signal 
to-noise ratios of the plurality of signals converge When mea 
sured after their transmission over the plurality of transmis 
sion links. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates a netWork of a plurality of 
transmission lines L1 to L M according to an embodiment. 

FIG. 2 illustrates a model of a transmission system. 
FIG. 3 illustrates an interference channel model shoWing 

crosstalk interference among the transmission lines L l to L M. 
FIG. 4 illustrates the convergence of an iterative method 

according to an embodiment. 
FIGS. 5A to SC illustrate exemplary results of a simulation 

of an iterative method according to an embodiment. 
FIGS. 6A to 6C illustrate exemplary results of a simulation 

of an iterative method according to an embodiment. 
FIG. 7 illustrates exemplary results of a simulation of an 

iterative method according to an embodiment. 
FIG. 8 illustrates de?nitions of variables a and b. 
FIG. 9 illustrates exemplary results of a simulation of an 

iterative method according to an embodiment. 
FIG. 10 illustrates frequency band allocation of an exem 

plary VDSL netWork. 
FIG. 11 illustrates an assumed poWer spectral density of 

alien noise. 
FIG. 12 illustrates line attenuations of the shortest and the 

longest transmission line. 
FIG. 13 illustrates minimum and maximum FEXT attenu 

ations. 
FIG. 14 illustrates exemplary results of a simulation of an 

iterative method according to an embodiment. 
FIG. 15 illustrates exemplary results of a simulation of an 

iterative method according to an embodiment. 
FIG. 16 illustrates spectral poWer densities for the shortest 

and the longest transmission line. 
FIG. 17 illustrates exemplary results of a simulation of an 

iterative method according to an embodiment. 
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2 
DETAILED DESCRIPTION 

In the folloWing one or more embodiments are described 
With reference to the draWings, Wherein like reference numer 
als are generally utiliZed to refer to like elements throughout, 
and Wherein the various structures are not necessarily draWn 
to scale. In the folloWing description, for purposes of expla 
nation, numerous speci?c details are set forth in order to 
provide a thorough understanding of one or more aspects of 
embodiments. It may be evident, hoWever, to one skilled in 
the art that one or more aspects of the embodiments may be 
practiced With a lesser degree of these speci?c details. In other 
instances, knoWn structures and devices are shoWn in block 
diagram form in order to facilitate describing one or more 
aspects of the embodiments. The folloWing description is 
therefore not to be taken in a limiting sense, and the scope of 
the invention is de?ned by the appended claims. 

Referring to FIG. 1, a schematic diagram of a netWork of a 
plurality of transmission lines L1 to LMis shoWn. The trans 
mission lines L 1 to L M are bundled together Within a cable C 
over a length 10. The netWork has a central o?ice CO com 
prising a plurality of transceivers LT 1 to LT M coupled to the 
respective ends of the transmission lines L1 to LM. At the 
subscriber premises transceivers RTl to RTM are coupled to 
the other respective ends of the transmission lines L1 to LM. 
The transceivers RT 1 to RTM may, for example, be modems. 
Data transmission from the central o?ice CO to a subscriber 
is called doWnstream data transmission, Whereas data trans 
mission from a subscriber to the central of?ce CO is called 
upstream data transmission. 

According to one embodiment, at least tWo of the trans 
mission lines L 1 to L M have different lengths. In the network 
shoWn in FIG. 1 the length of a transmission line L1. is the sum 
of the length 10 and a length 11- (iIl, . . . , M). The length 10 is the 
length over Which the transmission lines L l to L M are bundled 
together and occupy the same cable C. The length 11- is the 
length from the end of the cable C to the transceiver RTi. Each 
of the transmission lines L 1 to L Mmay, for example, be a pair 
of tWisted Wires. 

According to a further embodiment, the cable C further 
comprises transmission lines Lm, Which are not coupled to 
the central of?ce CO. 

According to yet a further embodiment, each of the trans 
mission lines L1 to LM forms a telecommunication channel. 
Since voice telephony uses only a small fraction of the band 
Width usually available on the transmission lines L1 to L M, the 
remaining fraction of the available bandWidth may be used 
for transmitting data. For data transmission there are a num 
ber of services available, such as ISDN (Integrated Services 
Digital NetWork) or ADSL (Asymmetric Digital Subscriber 
Line) orVDSL (Very high bit-rate Digital Subscriber Line) or 
VDSL2 (Very high bit-rate Digital Subscriber Line 2). 
Due to the close proximity of the transmission lines L 1 to 

LM Within the cable C of the length 10, there is considerable 
amount of crosstalk interference betWeen different neighbor 
ing transmission lines L1 to LM. Physically, there are tWo 
types of interference: near-end crosstalk (NEXT) and far-end 
crosstalk (FEXT). 
NEXT refers to interference betWeen neighboring trans 

mission lines L1 to L Mthat arises When signals are transmitted 
in opposite directions. If the neighboring lines carry the same 
type of service, then the interference is called self-NEXT. 
FEXT refers to interference betWeen neighboring trans 

mission lines L1 to L Mthat arises When signals are transmitted 
in the same direction. If the neighboring transmission lines L 1 
to L M carry the same type of service, then the interference is 
called self-FEXT. 
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Furthermore, noise can be coupled to the transmission lines 
L l to L M that is generated by other sources than neighboring 
transmission lines L1 to LM. This noise is called alien noise 
and may, for example, be generated by the transmission lines 
Lm. 

In case of NEXT and FEXT, the interfering signals coupled 
to the transmission lines L l to L M depend on the poWer levels 
of the signals transmitted over the transmission lines L 1 to L M. 
If signals having the same poWer level are inputted simulta 
neously in each of the transmission lines L 1 to L M, the signal 
to-noise ratio of a transmission line having a longer length 
Will be Worse than the signal-to-noise ratio of a shorter trans 
mission line. The reason is that the longer the length of the 
transmission line, the more the signal transmitted over the 
transmission line is attenuated. 

According to one embodiment, input poWer levels p(kmax) l 
to p(kmax)M for the transmission lines L1 to LM are deter 
mined, Which alloW the same transmission behavior for all 
subscribers coupled to the transmission lines L1 to LM. For 
these purposes, an iterative method is employed With k being 
the iteration index (kIl, . . . , kmax). At each iteration cycle k, 
signals u (k) 1 to u(k)M are provided to the transmission lines 
L l to L Mhaving input poWer levels p(k) l to p(k)M. The signals 
u(k) 1 to u(k)M are transmitted over the transmission lines L 1 to 
L M and signals y(k) 1 to y(k)M are received at the other ends of 
the transmission lines L 1 to L M. When receiving the transmit 
ted signals y(k)l to y(k)M signal-to-noise ratios Sn(k)l to 
Sn(k) Mof the transmitted signals y(k) l to y(k)M are measured. 
The aforementioned steps are iteratively repeated, Wherein 
the input poWer levels p(k)l to p(k)M of the signals u(k)l to 
u(k)MWhen provided to the transmission lines L 1 to LMare set 
in such a manner that the signal-to-noise ratios Sn(k)l to 
Sn(k)M converge. 

According to a further embodiment, the transmission lines 
L l to L M may be Wireless transmission links. When it is 
referred to transmission lines in the folloWing, the transmis 
sion lines may therefore also be replaced by Wireless trans 
mission links. 

According to a further embodiment, xDSL is used as ser 
vice for transmitting data over the transmission lines L l to L M. 

According to a further embodiment, signals u(k)l to u(k)M 
are transmitted in upstream direction over the transmission 
lines L1 to LM. 

According to a further embodiment, the iterative method is 
performed during the initialization of the central of?ce CO. 

According to a further embodiment, the input poWer levels 
p(kmax l to p(kmax)M are used for transmitting further signals 
u 1 to uM over the transmission lines L 1 to L M. 

According to a further embodiment, the signals u(k)l to 
u(k)M are statistically selected data modulated on a transmis 
sion frequency. 

According to a further embodiment, the input poWer levels 
p(k+l)l to p(k+l)M of the signals u(k+l)l to u(k+l)M When 
provided to the transmission lines L l to LM during an iteration 
cycle k+l depend on the measured signal-to-noise ratios 
Sn(k) l to Sn(k)Mmeasured during the previous iteration cycle 

According to a further embodiment, the input poWer level 
p(k+l)l- of the signal u(k+l)l- (iIl, . . . , M) When provided to 
the transmission line Ll- during an iteration cycle k+l is a 
function F of the difference of the measured signal-to-noise 
ratio Sn(k)l- of the signal y(k)l- transmitted over the transmis 
sion line Ll. during the previous iteration cycle k and an aver 
age value avg of the signal-to-noise ratios Sn(k)l to Sn(k)M 
measured during the previous iteration cycle k: 

. ,Sn(k)M)]. (1) 
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4 
According to a further embodiment, the input poWer level 

p(k+l)l. ofthe signal u(k+l)l. (iIl, . . . , M) When provided to 
the transmission line Ll- during an iteration cycle k+l depends 
on a product having at least a factor F1 and a factor F2. The 
factor F1 is a function of the input poWer level p(k)l- of the 
signal u(k)l- When provided to the transmission line Ll- during 
the previous iteration cycle k. The factor F2 is a function of the 
difference of the measured signal-to-noise ratio Sn(k)l- of the 
signal y(k)l. transmitted over the transmission line Ll. during 
the previous iteration cycle k and an average value avg of the 
signal-to-noise ratios Sn(k)l to Sn(k)M measured during the 
previous iteration cycle k: 

(2) 

According to a further embodiment, the input poWer levels 
p(1)l to p(1)M ofthe signals u(1)l to u(1)Mat the ?rst iteration 
cycle (kIl) are predetermined. For example, the input poWer 
levels p(1)l to p(1)M are set to the highest poWer level. 

According to a further embodiment, the input poWer level 
p(2)l. of the signal u(2)l. (iIl, . . . , M) at the second iteration 
cycle (kIZ) depends on the inverted value of the measured 
signal-to-noise ratio Sn(1)l. of the transmitted signal y(1)l. of 
the ?rst iteration cycle (kIl). 

According to another embodiment, a method refers to a 
plurality of transmission lines L 1 to L M each having an input 
terminal and an output terminal. Referring to FIG. 1, the input 
terminals may, for example, be the transceivers LT l to LT Mof 
the central of?ce CO and the output terminals may be the 
transceivers RT 1 to RT M at the subscribers end or vice versa. 

According to the method of the present embodiment, ?rst 
signals u(k)l to u(k)M are provided to the input terminals and 
transmitted over the transmission lines L l to L M. At the output 
terminals of the transmission lines L1 to L M transmitted ?rst 
signals y(k)l to y(k)M are received. Further, signal-to-noise 
ratios Sn(k)l to Sn(k) Mof the transmitted ?rst signals y(k) 1 to 
y(k)M are measured at the output terminals of the transmis 
sion lines L1 to LM. Subsequently, second signals u(k+l)l to 
u(k+l)M are provided to the input terminals and are transmit 
ted over the transmission lines L1 to LM. The input poWer 
levels p(k+l)l to p(k+l)M of the second signals u(k+l)l to 
u(k+l)M are set depending on the measured signal-to-noise 
ratios Sn(k)l to Sn(k)M of the afore transmitted ?rst signals 
y(k)1 IO y(k)M' 

The measured signal-to -noise ratios Sn(k) 1 to Sn(k) Mof the 
transmitted ?rst signals y(k)l to y(k)M are distributed over a 
?rst range of signal-to-noise ratios. The distribution of the 
measured signal-to-noise ratios Sn(k)l to Sn(k)Mthus de?nes 
the ?rst range. According to one embodiment, the input poWer 
levels p(k+l)l to p(k+l)M of the second signals u(k+l)l to 
u(k+l)M are set in such a manner that the signal-to-noise 
ratios Sn(k+l) 1 to Sn(k+l)M of the second signals y(k+l)l to 
y(k+l)M after their transmission over the transmission lines 
L l to L Mare distributed over a second range of signal-to-noise 
ratios Which is smaller than the ?rst range. This procedure 
results in a convergence of the signal-to-noise ratios. 

According to another embodiment, a transfer function of 
each of the transmission lines L1 to LM is determined and 
information related to interference characteristics of each of 
the transmission lines L 1 to LMis collected. Furthermore, the 
transfer functions and the information related to interference 
characteristics are used to determine input poWer levels p 1 to 
p M of signals u l to uM in such a manner that, When providing 
the signals u 1 to u M to the input terminals of the transmission 
lines L1 to L M and measuring the signal-to-noise ratios Snl to 
SnMof the transmitted signals yl to y M at the output terminals 
of the transmission lines L1 to LM, the signal-to-noise ratios 
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Snl to SnM are essentially equal. For example, the signal-to 
noise ratios Snl to SnM are essentially equal if the signal-to 
noise ratios Snl to SnM are Within a predetermined range or a 
predetermined error range. 

According to another embodiment, input poWer levels 
13(0)l to 15(0)M for the transmission lines L1 to LM are pro 
vided. The input poWer levels 13(0)l to 15(0)M are provided in 
such a manner that When signals 13(0)l to u(0)M having the 
input poWer levels 13(0)l to 15(0)M are provided to the trans 
mission lines L 1 to L M, signals 37(0)l to 9(0)M are received at 
the other ends of the transmission lines L 1 to NLM having 
essentially equal signal-to-noise ratios Sn(0)l to Sn(0)M. For 
example, the input poWer levels 13(0) lNto 15(0)M resulting in 
equal signal-to-noise ratios Sn(0)l to Sn(0)M may be deter 
mined by using one of the methods described above. The 
signal-to-noise ratios Sn(0) 1 to Sn(0)Mare essentially equal if 
the signal-to-noise ratios Sn(0)l to Sn(0)M are Within a pre 
determined range or a predetermined error range. 

Subsequently, the folloWing steps are iteratively repeated. 
Signals f1(k)l to u(k)M are provided to the transmission lines 
L1 to LM (kIl, 2, . . . ). The signals 1~1(k)l to u(k)M are trans 
mitted over the transmission lines L 1 to L M and signals y(k)l 
to y(k)M are received at the other ends of the transmission 
lines L 1 to L M. The signal-to-noise ratios Sn(k)l to Sn(k)M of 
the transmitted signals y(k)l to y(k)M are measured. At each 
iteration cycle k+l the input poWer level p(k+l)l- of the signal 
u(k+l)l- (iIl, . . . , M-l) is greater than the input poWer level 
p(k)l- of the signal u(k)l- of the previous iteration cycle k. 

According to a further embodiment, the method is termi 
nated or at least interrupted WhenNat least one of the measured 
signal-to-noise ratios Sn(k)l to Sn(k)M exceeds a predeter 
mined threshold. 

According to a further embodiment, the input poWer level 
p(k+l)l. ofthe signal u(k+l)l. (iIl, . . . , M-l) When provided 
to the transmission line Ll- during an iteration cycle k+l 
depends on a product having at least a factor F1 and a factor 
F2. The factor F1 is a function of the input poWer level p(k)l- of 
the signal u(k)l. provided to the transmission line Ll. during the 
previous iteration cycle k. The factor F2 depends on a linear 
function or an exponential function or a logarithmic function 
of the input poWer level p(k)l- of the signal u(k)l- of the previous 
iteration cycle k: 

In the folloWing another embodiment is described in more 
detail. In this embodiment the frequency band used for trans 
mitting signals in doWnstream direction is different from the 
frequency band used for transmitting signals in upstream 
direction. As a consequence, self-NEXT can be excluded as a 
source of interference, hoWever self-FEXT must be consid 
ered. For example, VDSL or ADSL may be used as services 
for transmitting data over the transmission lines and DMT 
(Discrete Multi-Tone) modulation may be used for modulat 
ing signals, hoWever the embodiment described in the folloW 
ing is not limited thereto. The present embodiment may be 
also applied to a system Which uses the same frequency band, 
but different time slots for doWnstream and upstream direc 
tions. 

The netWork of the transmission lines L1 to L M of the 
present embodiment is shoWn in FIG. 1. The transceivers LT 1 
to LT M of the central o?ice CO as Well as the transceivers RT 1 
to RT M at the subscriber premises comprise units Which alloW 
to measure the signal-to-noise ratios of signals received over 
the respective transmission lines L 1 to LM. The values of the 
measured signal-to-noise ratios are transferred to a central 
control unit CCU, Which is coupled to the central o?ice CO. 
The central control unit CCU sets the poWer levels of the 
signals transmitted by the transceivers LT 1 to LT M and RT 1 to 
RT M. Special transmission and control channels are provided 
betWeen the central of?ce CO and the transceivers RTl to 
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6 
RTM in order to exchange data betWeen the central control 
unit CCU and the transceivers RT 1 to RT M. 

FIG. 2 illustrates a model of the transmission system of the 
present embodiment. The model only considers the transmis 
sion lines L 1 to L MWhich are coupled to the central of?ce CO. 
The arroWs betWeen the transceivers LTZ- and RTZ- illustrate the 
logical connections betWeen the transceivers LTZ. and RTZ. 
(iIl, . . . , M). Since it is assumed that there is no crosstalk 

interference betWeen doWnstream and upstream directions, 
the poWer levels in doWnstream and upstream directions can 
be determined separately. 
As can be seen from FIG. 2, self-FEXT signals fext and 

interfering signals r disturb the signals transmitted betWeen 
the transceivers LTZ. and RTi. The interfering signals r are 
caused by alien noise Which may be due to the transmission 
lines Lm, Which are not coupled to the central of?ce CO, and 
other external sources. 

In FIG. 3 an interference channel model is illustrated 
exhibiting crosstalk interference among the transmission 
lines L 1 to L M in either doWnstream or upstream direction. A 
signal ul- is provided to the input terminal of a transmission 
line LI- and a signal yl- is received at the output terminal of the 
transmission line Ll. (iIl, . . . , M).A transfer function Hi]. is the 
transfer function of a channel from the input terminal of a 
transmission line L1. to the output terminal of the transmission 
line L- for a speci?c frequency channel (jIl, . . . , M). The 
transfer functions Hil- are the transfer functions of the trans 
mission lines L 1 to L M and the transfer functions HljJ-? are the 
crosstalk transfer functions. 

According to the interference channel model shoWn in 
FIG. 3, the signal yl. received at the output terminal of the 
transmission line L1- is as folloWs: 

Assuming that the signals transmitted over different trans 
mission lines are not correlated, the signal-to-noise ratio Snl. 
at the output terminal of the transmission line L, Which is the 
ratio betWeen the poWer S of the Wanted signal and the poWer 
N of the noise, is given by the folloWing equation: 

Since many signals have a very Wide dynamic range, sig 
nal-to-noise ratios are usually expressed in terms of the loga 
rithmic decibel scale. In decibels, the logarithmic signal-to 
noise ratio Sndbl. is 10 times the logarithm of the poWer ratio 
Sni: 

In order to be able to transmit high bit rates, the values of 
the signal-to-noise ratio Snl. should be large. The number e of 
bits, Which can be transmitted per frequency channel and data 
symbol, is: 

(7) 
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Snwfis a reference signal -to-noise ratio, Which depends on the 
Wanted bit error rate, the margins and the coding gain. 

As can be seen from equation (5), the signal-to-noise ratio 
Snl. measured at the output terminal of the transmission line Ll. 
depends on the poWer levels of the signals ul to uM, the 
transfer function Hl-i, the transfer functions HIM-#1 and the 
poWer level of the alien noise interference signal ri. TWo 
extreme cases may arise: 

(a) FEXT can be neglected compared to alien noise. In this 
case the signal-to-noise ratio Snl- only depends on the input 
poWer level of the signal ui. In order to achieve a high 
signal-to-noise ratio Sni, it is favorable to feed the trans 
mission lines L1 to LM With signals ul to uM at the highest 
poWer level. 

(b) Alien noise can be neglected compared to FEXT. In this 
case the signal-to-noise ratio Snl- depends on the input 
poWer levels of all signals ul to UM. Ifthe signals ul to uM 
have equal input poWer levels, shorter transmission lines Ll. 
produce better signal-to-noise ratios Sni. 
A conditional equation for the transfer function Hi]- can be 

derived: 

Based on a more realistic model, the folloWing equation 
Was found for the transfer function Hi]: 

In equations (8) and (9) f is the frequency, 10 is the length of 
the cable C Which binds the transmission lines LI- and L] 
together, Ki]. is a frequency- and length-independent factor, 
Which depends on physical and geometrical features of the 
cable C, Hh-ne (f) is the frequency response of the transmission 
lines LI- and Lj and c is the speed of light in the transmission 
lines LI- and L], Which is roughly 200,000 km/s. 

In the folloWing a method is discussed as an exemplary 
embodiment, Which alloWs to determine the input poWer lev 
els pl to p M for signals provided to the input terminals of the 
transmission lines L l to L M so that the signals received at the 
output terminals of the transmission lines L1 to LM exhibit 
equal signal-to-noise ratios Snl to SnM. As a result the same 
maximal data rate can be transmitted over the transmission 
lines L1 to LM. The method is performed either for doWn 
stream or for upstream direction and for a single frequency 
channel. 

The input poWer levels pl to p M of the signals provided to 
the transmission lines L 1 to L M, the signal-to-noise ratios Snl 
to SnM measured at the output terminals of the transmission 
lines L 1 to L M and the logarithmic signal-to-noise ratios 
Sndbl to SndbM are combined in vectors p, Sn and Sndb, 
respectively: 
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-continued 
Snl (l 1) 

S112 
Sn : . 

SnM 

Sndbl (12) 
Sndbz 

Sndb : I . 

SndbM 

According to one embodiment, at the ?rst cycle of the 
method, Which is denoted With kIl, signals are simulta 
neously provided to the transmission lines L 1 to L Mhaving the 
highest input poWer level pmax: 

pmax (13) 

Pm 
PM = 1) = ; 

pmax 

The signal-to-noise ratios Sn(1)l to Sn(1)M of the signals, 
Which are received at the output terminals of the transmission 
lines L 1 to LM, are measured. According to a further embodi 
ment, the signal-to-noise ratios Sn(1)l to Sn(1)M measured in 
the ?rst cycle of the method (kIl) are used for determining 
the input poWer levels p(k:2) of the second cycle: 

0%.] 

(m1 
According to one embodiment, the vector p(2) is scaled: 

(14) 

pmax 

max(p(2)) 
(15) 

In equation (15) max(p(2)) denotes the maximum component 
of the vector p(2) of equation (14). The scaling prevents 
exceeding the maximum poWer level pmax. 
The scaled vector p(2) provides the input poWer levels for 

the signals provided to the input terminals of the transmission 
lines L l to L M during the second cycle of the method. At the 
output terminals of the transmission lines L 1 to L Mthe signal 
to-noise ratios Sn(2)l to Sn(2)M or the logarithmic signal-to 
noise ratios Sndb (2) 1 to Sndb (2)M are measured. Transmitting 
signals over the transmission lines L1 to LM and measuring 
their signal-to-noise ratios Sn(k)l to Sn(k)M or their logarith 
mic signal-to-noise ratios Sndb(k)l to Sndb(k)Mis then itera 
tively repeated. 
The iterations are repeated until the measured signal-to 

noise ratios Sn(k)l to Sn(k)M or the measured logarithmic 
signal-to-noise ratios Sndb(k)l to Sndb(k)M reach suf?cient 
convergence (kIkMM). At each of the iteration cycles k:2 to 
kIk —l the signal-to-noise ratios Sn(k)l to Sn(k)M or the max 

logarithmic signal-to-noise ratios Sndb(k)l to Sndb(k)M of 












